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(57) Abstract 

The invention relates to a cellular protein which is specific and has high affinity for nucleic acid sequences characteristic of 
an intact TAR RNA loop sequence of the HIV LTR TAR region. The invention also relates to a between 1,000- 10,000-fold purifi- 
ed, about 185 kD protein preparation isolated from a mammalian cell nuclear extract preparation, most specifically a HeLa cell 
extract The about 185 kD protein is shown to regulate HIV viral gene expression by binding a TAR RNA region of an HIV LTR 
template, in the presence of a cofactor fraction (including at least a — 100 kD cofactor), and a tat protein. The TRP-185, having a 
molecular weight of about 185 kD protein may also provide a research tool in the study of viral and cellular gene expression. A 
route for the development of immunodiagnostics for AIDS and related disorders may also be provided given the specific and 
Mgh affinity of TRP-185 for HIV RNA The 185 kD protein and related encoding amino acid and DNA sequences may also be 
used in therapeutic agents for AIDS and related disorders and, for the generation of specific antibodies for use in the diagnosis 
and study of the epidemiology of AIDS. 
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PESCRIPTION 

CELLULAR NUCLEIC ACID BINDING PROTEIN 
AND USES THEREOF IN REGULATING GENE EXPRESSION 

AND IN THE TREATMENT OF AIDS 



The government may own rights in the present 
invention as research relevant to the development thereof 
10 was supported by grants from the United States 
government, NIH Grant AI25288. 



BACKGROUND OF TU B INVENTION 



15 1. 



Field of the invention 



The invention relates to the field of cellular 



binding 
20 - addition. 



acids and regulating gene expression. In 



the invention also relates 



reagents useful in the 



to the field of 
of viral and 



protein is demonstrated to bind to a particular viral RNA 
region important in viral gene expression. The invention 

to the field of therapeutic methods and 
the treatment of viral diseases, such as 
AIDS. Methods and reagents (including monoclonal 
antibodies) for screening/ detecting viral infection in a 
biological sample are also within the field of the 
30 present invention. 

2. Background of the Related Art 

Gene expression of the human immunodeficiency virus 
35 (HIV) is regulated by a variety of mechanisms. The long 
germinal repeat (LTR) is the site of multiple regulatory 
regions involved in both general and tissue specific gene 
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ion M6 Two regions, including the HFAt"' 18 and 

mSgBm l\ otifs^' 20 «• ^° 1Ved 111 ^ regUlatl ° n 
HF-Jcappa B »^ T . lympllocyt e S . Other events 

2.U are involved in regular 

• „ a variety of both lymphoid and 
5 gene expression xn a varxe * 

nonlympboid cell lines. 

ntains a„ additional regulatory element known 
Hiv contaxns an aaa extends from - 

as the transactivating regxon, TAR, vh 

10 17 to +80 in the HIV LTR. • * 

^ TAR element is reguired for activation of ^ 
. - v. v the 'viral transactivator protein, tat. 

tz *-«*» - ~ - is * key ; lem ;:: . 

1S .cr^at action.'."*' *** i- -p, b le of f=-in g * 

results in a narked decrease xn tat acti 
., compensatory mutations wnien 



20 



also required lor high level actxvatxon by tat. 



tn to^ ^icn result in even further decrease, in. tat 

^MMS Delation of the bulge region- or 



. „.„ „™ re8 idue at +23 in the 

eufcstitution for a sxngle J resi activatlon .»5.^ 



4*™- »a-ior determinants including the stem, loop. 
Z\Z ^ Z, ..i- - wild-type activation of 



.^^-t-iv a number of studxes 

Recently, a numo ca pable of binding to 

« . . r 4~ it s basic domain, xs capai»o.c w 
protexn, vxa xts ba ^ ^ of nuc lear 

the bulge region in TAR RNA. 
35 proteins are also capable of binding to TAR RNA. 
3 F . a ^ortance of these "bxndxng" 
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expression, has not been fully characterized. 

A previous study used uv-crosslinking assays to 
5 identify a 68 kDa cellular protein that binds 

specifically to the TAR loop region. 26 Using similar 
techniques, the present inventors also detected a 68 kDa 
cellular protein which binds to TAR RNA. The detection 
of this protein was dependent on the use of heparin and 

10 ribonuclease following the binding reactions. However, 

when nonspecific RNA or poly (I) -poly (C) was used in gel 
retardation assays without ribonuclease, this species was 
no longer detected«.(unpublished results) . Another RNA 
binding protein, TRP-140, which binds with high affinity 

15 to a variety of double-stranded RNAs, may also 

potentially have functional significance in regulating 
HIV gene expression. 

Several viruses, such as those of the HIV and the 
20 HTLV (human leukemia/ lymphoma virus) type, have within 

their gene structure a downstream regulatory region that 
is required for transactivation (a protein that acts in 
conjunction with a viral protein as a transactivating 
factor - the pX region 49 ) to which a cellular protein 
25 binds. A more complete understanding of the mechanisms 

which govern viral gene expression, most particularly the 
role of particular binding proteins for the TAR region in 
expression, would provide a route whereby methods for 
selectively "turning on" and "turning off" of genes 
30 employing important cellular proteins could be 

accomplished. Most importantly, in the case of viral 
infections such as AIDS, such information could be 
employed to develop a therapeutic agent which selectively 
"turned off" the expression of HIV and HTLV in an animal. 

HIV is recognized as the causative agent of Acquired 
Immunodeficiency Syndrome (AIDS) . Therapeutic agents 
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w *ich have ,een use, in the --t of ^ ^ AZT 
(a2 idothymidine) an, DDI (^o^xnosxne, 



transcriptase. While these agents 



r been used with varying degrees ~- 

5 Been us«* variety of severe side 

unfortunately associated with a variery 




10 



neuropathy (DDI), pancreatitis, 

headache, nausea, insomnia, neurotoxicity 
seizure, as well as being associated with a potential 



investigation include an HIV-gene 

is encoded on the polygene of HIV-1. The 




transcriptase, a self-cleaving protease that is re 

transcriptase, ana a 




essential for integration of viral DNA into 

~ Hh- host cell, inhibitors of the HIV protease 
20 genome of the host cen. *»» ef - iet tire 
Lve been developed with the aid of a crystal structure 

of the protein. 

potential molecular targets described include 
the glycosolated envelope protein of HIV and the ^ptor 
Protein (CD.) on the surface of lymphocytes to which^he 

A soluble form of CD 4 can bxnd to the vxral 



envelope protein and prevent the virus 

, Alternatively, a conjugate of CD4 and a toxin 



30 might be used to attack HIV-infected 

the envelope protein on thexr surfaces. 



drug, dextran sulfate, has also ^en -sed ^ the 
treatment of AIDS for its ability to block the binding of 



However, none of the aforedescribed molecular 

therapy relates to use of a 



J 
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molecular agent of cellular origin which specifically 
affects viral gene expression. An enhanced understanding 
of the particular role of cellular proteins in the 
molecular events of both cellular and viral (HIV) gene 
expression would provide a new avenue for the development 
of effective anti-viral agents. Such information would 
further provide for the development of a new genus of 
drugs based on the regulation of host proteins for the 
treatment of diseases such as AIDS and AIDS-related 



The present inventors have characterized a 
particular cellular protein designated "TRP-185", which 
possesses both high affinity and marked specificity of 
15 binding to a viral TAR RNA region in a manner that 

correlates with in vivo genetic data in that the TRP-185 
cellular protein only binds to templates that are 
activated by the transact ivating protein. 

20 ■ Thus, a solution to providing for the specific 

inhibition activation of viruses, such as HIV and HTLV, 
which have a downstream binding region for important 
cellular proteins important in gene 



-It is an object of the invention to provide a tool 
which is useful in the characterization of viral and 
cellular gene expression. It is still another object of 
the invention to provide a reagent which is useful in the 
30 study of viral gene regulation. 

It is still a further object of this invention to 
provide a better, more reliable and convenient procedure 
for testing human serum and plasma for presence of the 
35 AIDS virus. 



.Mcnnrin. -win a'inao'inA 1 ^ 
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monitoring the progression and treating HIV- 
disease in a patient. How these and other objects of 
this invention are achieved will become apparent in light 



20 



30 



5 of the accompanying disclosure. In at 

embodiment of the practices of this invention, at least 
of the foregoing objects will be achieved. 

10 The present invention addresses one or more of 

foregoing or other problems associated with the 

of gene expression, 
expression. The present 
15 in^tionYlso addresses the need for alternative 

related disease therapeutic agents which target 

x molecular events of HIV gene expression by 

controlling for the activity of a cellular protein, 
designated herein as a "TRP-185" protein. 



The invention provides for the preparation and use 



antigens associated with the activation of HIV 
expression, and which would be useful in the development 
of diagnostic methods for HIV infection. The invention 
involves the identification of the above designated 
cellular protein, which has been found to be an important 
regulatory protein of viral gene expression. The 
invention also identifies and provides for the isolation 



of ceiiuiar pirutejuia 

important in facilitating viral gene binding and HIV gene 



The identification of these particular cellular 
proteins will provide for characterization of their 
corresponding nucleic acid sequences. Knowledge of 
sequences which encode the TRP-185 protein will be 
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in the preparation of expression vectors for transforming 
whole cells to produce recombinant cellular protein 
antigenic polypeptides. These recombinant proteins may 
be employed as a reagent in the molecular 
5 characterization of gene expression. It is further 

proposed that the cellular proteins demonstrated to be 
important in HIV gene expression will be useful in the 
preparation of immunodiagnostic agents and therapeutic 
agents (i.e. inhibitors) for the treatment of HIV-related 
10 diseases (i.e. AIDS, ARC, ALT (adult T-cell 
leukemia/ lymphoma) ) - 



The present invention, more specifically, provides a 
particularly defined nucleic acid binding element 

15 comprising a cellular protein capable of binding with 

specificity and high affinity to a TAR region of nucleic 
acid. Even more particularly, the inventors demonstrate 
that the particular nucleic acid binding element will 
bind to an TAR region of the HIV RNA in the presence of a 

20 cof actor fraction. 

For purposes of describing the present invention, 
the nucleic acid binding element has been designated 
"TRP-185". This particular designation was derived from 

25 characterization of the TRP-185 cellular protein as 

having a molecular weight of between about 175-190 kD. 
Even more specifically, the molecular weight of the TRP- 
185 is about 185 kD (silver stained gel - see Figure 10) . 
- The TRP-185 binding protein identified in these analysis 

30 has been determined to be in a monomer form. Binding of 
the TRP-185 protein provides for the activation of the 
trans-activating region of the viral RNA, and gene 
expression of the viral tat trans-activator protein 




The nucleic acid binding element TRP-185 may be 
useful alone as a tool for elucidating mechanisms of HIV 
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10 



"cofactor" fraction to bind 



of elements in a 
TAR region of HIV RNA, 



n 



ii 




including at least one 
of between about 85-100 W>. 



, as a 

having a molecular weight 




in 



n 



do not themselves bind 



to the TAR RNA binding sxte 



In the presence 
185 binds with 



n 



n 





region of the long 



15 more 




binds to a TAR (tr 



and high affinity to a 
ilV RNA, designated the TAR 
__ repeat (LTR) of mRNA. 

the TRP-185 cellular protein 
Activating) region of the HIV mRNA 



with an 



affinity of about 3x10 



20 XS 



as a 



, a# the TRP-185 to the TAR region of HIV RNA 

^^^rseTranscription of wild-type HIV ,TR, 

the replication of the virus by about 4- 
used'in the description of the present 
Invention, the term -TAR region" is 

transactivating region of a nuclei ^ ^ 

a TAR region of tne nxv «~ 
region bound by the nucleic acid binding •»—*<*••• 
^ 85) crises an at ^^^^ 




30 may be described as binding a base-*— 

bases 23-34 of the TAR HUH*. The sequence of the TAR 
region of SHA is provided in Figure 3 . 

present invention also include, a highly 
3S ef f icl^t »ethod for "^JT^ZTTJ? In on. 



proton found to bind a J*""' 
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binding element of the present invention may be prepared 
by a process comprising the steps of obtaining a volume 
of mammalian cells, preparing a nuclear extract from the 
mammalian cells and fractionating the nuclear extract and 
5 selecting fractions having TAR binding activity and 

isolating an element having a molecular weight of between 
175-190 JcD from the selected fractions to provide a * 
nucleic acid binding element. 



10 



15 



20 



25 



30 



extract to obtain the TRP-185 nucleic acid binding 
element includes the steps of chromatographing the 
nuclear extract oru heparin agarose, e luting the 
chromatographed nuclear extract with potassium chloride 
to obtain TAR active binding fractions, selecting TAR 
active binding fractions and obtaining a dialysate 
thereof, chromatographing the dialysate on a HTP Bio gel, 
precipitating TAR active binding fractions from the HTP 
Bio get with ammonium sulfate, applying the TAR active 
binding fractions to a Superdex 200 FPLC column, 
collecting TAR active binding fractions and applying a 
dialysate of selected fractions therefrom to a Bio Rex 
column, collecting HIV active binding fractions and 
applying a dialysate thereof to a Dextran Blue Sepharose 
column, collecting TAR active binding fractions and 
applying a dialysate thereof to a Mono Q FPLC column, 
collecting TAR active binding fractions and applying a 
dialysate of selected washed fractions to a continuous 
sucrose gradient, and isolating a nucleic acid binding 
element having a molecular weight of between 175 3cD - 190 
kD as determined by a continuous sucrose gradient, said 
element having TAR region binding activity. 



35 



The term "TAR 
description of the 
ability or the 



binding 91 as used in the 
invention relates to the 
of the ability of a 
elements within a sample or column 
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10 



20 



fraction to bind the TAR 
as DNA or RNA, which is 



of a nucleic acid, such 




as a 
LTR. 



TAR region of the HXV mRNA 




Any cf a variety of mammalian cells may be used to 
nuclear cell extract. By way of examples- 
useful mammalian cell lines include 
VER0 (ATCC CCL 81) and HeLa cells (ATCC CCL 2.1, ATCC 
77 W138, COS, Jurxat, CEM, 293 (human embryoni 

xidn^ell line ATCC CRL 1573) and HOCK cell lines. 
Host preferably, the mammalxan 



incr the herein described binding protein 



employing the above described process, a 
binding protein preparation having a purity of 
3^000 fold, and a high yield of about 10-15% is provxded 
from a HeLa cell nuclear extract. The high yield 
provided by the herein described preparation presents a 
significant advantage of the present invention over the 
arCas using other preparation schemes (which include a„ 
S^OO column) , in which up to 95% of the protexn wxll be 
lost (inventors unpublished observations) . 



in still another aspect of the invention, a met 

a cellular protein having binding af f xnity 
for an HXV TAR region is provided. This method comprise 
30 L steps of preparing a nuclear extract having HXV TAR 
PKA binding activity from mammalian cells, fractionating 

extract to select for HXV TAR binding 
activity, and isolating an HIV TAR binding element to 
provide the cellular protexn, wherein said protein has a 
molecular weight of about 185 kD. 



r> ******** S% A 4 
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In the most particularly preferred embodiment of the 
described processes and methods of the present invention, 



chromatographing the nuclear extract on heparin agarose, 
5 eluting the chromatographed nuclear extract by potassium 
chloride to obtain TAR active binding fractions, 
selecting and dialyzing TAR active binding fractions,- " 
chromatographing the active fractions on an HTP Bio gel, 
precipitating with ammonium sulfate and selecting TAR 

10 active binding fractions, applying the TAR active binding 
fractions on a Superdex 200 FPLC column, collecting TAR 
active binding fractions and applying a dialyzate of the 
active fractions to, a Bio Rex column, collecting TAR 
active binding fractions and applying a dialyzate of the 

15 active fractions to a Dextran-Blue Sepharose column, 

collecting TAR active binding fractions and applying a 
dialyzate thereof to a Mono Q FPLC column, collecting TAR 
active binding fractions and applying a dialyzate of 
selected washed fractions to a continuous sucrose 

20 gradient, and isolating a nucleic acid binding element 
having a molecular weight of between 175-190 kD as 
determined by a continuous sucrose gradient having TAR 
. region binding activity. 

25 The method most preferably includes the preparation 

of a nuclear extract according to the steps of lysing a 
cell pellet of HeLa mammalian cells with a Dounce 
homogenizer, isolating nuclei from the cells, lysing the 
nuclei, centrifuging the lysate to obtain a supernatant, 

30 and dialyzing the supernatant to obtain a nuclear extract 
having a binding activity for a TAR region of nucleic 



The present invention in still another aspect 
defines an immunoassay for the detection of an antibody 
specific for a nucleic acid binding element TRP-185 in a 
biological sample. In one particular embodiment of the 
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binding protein specific 
HIV gene expression to 



for TAR RNA and which 
provide a TPP-185 



sample for a sufficient 
antigen and antibody 



contacting the incubate of the antigen 



with the 
tine to permit binding 
in said biological 

* 

of bound antibody by 
and antibody with 



10 185 



antibody, wherein the presence of anti-TRP 



antibody in the 

of the detectably labeled antibody from 



!5 By way of example, the antibody may be labeled with 

any of a variety 

Such include, an enzyme linked antibody, a 
tagged antibody, or a radio-labelled antibody. In one 
particular embodiment of the described ii 
20 TRP-185 is prepared from mammalian cell nuclei or 



a 



antibody is diagnostic of an HIV viral i 
animal. Use of a cofactor-exposed TRP-185 
cofactor unexposed TRP-185 antigen in the i 
ovide a method for monitoring the 
infection in an animal, as it is 
state of the animal will be 



in the 
and a 



Lunoassay may 




reflected in the 



30 different TRP 



reactive antibody in the animal to 
-185 preparations as antigen. 



in still another aspect of the present invention, a 



cellular protein TRP-185 which binds an HIV TAR RNA is 



provided. The nucleic acid sc 

isolatable from most preferably human chromosomal DNA 



The nucleic acid segment or fragment thereof is 
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specifically defined as encoding an antigenic protein 
capable of producing an in vivo immunogenic response to 
the TRP-185 cellular protein. The nucleic acid segment 
or fragment thereof may also be defined as a cDNA 
5 sequence complementary to a TRP-185 mRNA. 

The present invention also includes a recombinant 
DMA vector which includes a DNA sequence encoding a 
nucleic acid binding element capable, of binding with high 

10 affinity to a TAR RNA region in the presence of at least 
one cof actor. The nucleic acid binding element is of 
cellular origin and has a molecular weight of between 
about 175-190 JcD. «*The recombinant DNA vector may also be 
described as including a DNA sequence which is a cDNA 

15 sequence complementary to a TRP-185 mRNA or a fragment 
thereof. The recombinant DNA vector of the present 
invention will also be capable of replication in a host* 



A recombinant host bearing a recombinant DNA vector 
20 may also be prepared. The DNA sequence of the 

recombinant DNA vector may be defined further as a cDNA 
sequence which is complementary to a TRP-185 mRNA. The 
recombinant host should also be capable of expressing the 
DNA segment to produce a TRP-185 cellular protein. 

25 

By way of example, the recombinant host of the 
present invention may be Saccharomyces cerevisiae, 
Escherichia coli, Baculovirus or a Vaccinia virus host. 

30 Recombinant methods may also be utilized in 

obtaining the cellular protein having the binding 
affinity for nucleic acid sequences characteristic of the 
TAR RNA region of the HIV long terminal repeat. One 
particular embodiment for preparing a recombinant TRP-185 

35 cellular protein comprises preparing a recombinant host 
bearing a recombinant DNA segment encoding a cellular 
TRP-185 protein capable of binding a TAR RNA; said 
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20 



30 




recombinant host being capable of 
culturing the recombinant host to produce 




Still another aspect of the invention includes an 
antibody specific for a TRP-185 cellular prote^having 
binding affinity for a TAR RNA region. The antibody may 
Neither a monoclonal antibody (such as that produced by 



a hybridoma cell line) or a polyclonal antibody. 
10 the antibody is a monoclonal antibody, it may be defined 
further as having an Ig6 or IgM isotype. 

The antibody pf the present invention may be 
prepared by employing the TRP-185 cellular protein 
15 described herein together with a standard immunization 
protocols known to those in the art (see Example 3) . 

in still another embodiment of the invention, a 
hybridoma cell line which produces a monoclonal antibody 
which specifically binds a TRP-185 cellular protein is 
provided. Most particularly, the hybridoma cell line is 
a murine hybridoma cell line produced by immunizing a 
mouse with a cellular protein TRP-185 which binds an HIV 
TAR mRHA, isolating anti-TRP-185 antibody producing 
from the immunized mouse, and fusing the antibody 
producing cells with a neo-plastic murine cell line to 
obtain a murine hybridoma cell line. 

Another aspect of the present invention provides a 
therapeutic agent for the treatment of HIV or HTLV 
infection in an animal. The therapeutic agent comprise 
an admixture of an inhibitor of a TRP-185 cellular 
protein in a pharmaceutical^ acceptable excipient. 
preferably, the therapeutic agent will be formulated 
as to be suitable for administration as a parental 
formulation or as a capsule (for oral administration) 



Xn still another aspect of the present invention, an 
RNA binding complex is provided. The RNA binding complex 
may be particularly useful in characterizing the 
molecular events of gene expression. In one particular 
embodiment, the RNA binding complex comprises a TRP-185 
cellular protein capable of binding a TAR RNA region of 
HIV, at least one cofactor capable of facilitating the 
binding of the TRP-185 to a TAR RNA, and a volume of TAR 
RNA sufficient to bind the TRP-185. Most preferably, the 
cofactor is an about 100 kD protein isolatable from a 
mammalian cell extract. Most preferably, the cofactor 
and the TRP-185 cellular protein sore isolated from a HeLa 
cell nuclear cell extract as previously described herein. 
It is anticipated that the described RNA binding complex 
may be used as a laboratory and research reagent, most 
particularly in the characterization of viral and 
cellular gene expression. 

In still another embodiment, a diagnostic test pack 
for the detection of anti-TRP-185 antibody in a 
biological sample is provided. In one preferred 
embodiment, the diagnostic test pack comprises in 
packaged combination a carrier means adapted to receive 
at least three container means in close confinement 
therewith, a first container means including a TRP-185 
cellular protein capable of binding a TAR RNA and having 
molecular weight of about 185 kD, a second container 
means including a quantity of an unlabeled antibody 
having specific binding affinity for the TRP-185 cellular 
protein, a third container means including a quantity of 
a detectably labeled antibody specific for binding with 
the anti-TRP-185 antibody, and at least one microtiter 
plate. 

More specifically, the detectably labeled antibody 
of the described test-pack is an enzyme-linked antibody, 
a fluorescent tagged antibody or a radio-labeled 
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an^ody. By way of example, radiolabels such as *H 



and other may be used to label the 

The pack and still another embodiment may 
xne p»w*w —•-TvM'fcv of a substrate 

s fourth container means having a quantity 

"to produce a 



detectable product, where the antibody of 

ted antibody. Even more prefera—*, 

enzyme-linked antiboay monoC lonal 



, ™ e ific for the TRP-185 cellular protein. 

10 ™S«tr^ Z unl-1- antibody and the 

Altarna iI; Bled antibody are polyclonal antibodxes 





15 The particular TRP-185 cellular 

" present invent *-^^T£^JT« 

^eln "Ive LL shown by the i»™»tors to bind strongly 
20 tcL^t, of cellular promoters downstr^ of 1-P<«t»nt 
•initiation elements" (such as in th 



cellular protein nay Save the ability 



in particular embodiments of the described 
therapeutic agents, "inhibitors- of TKP-185 may ^ 
addition to the aforedescribed specific antibodies for 
-185 include antisense DH&, an BKa fragment that 




•185 protein, a 
30 prerexen^i«**jr *-~« # 

binding protein for the TAR— UNA binding 
protein or a peptide which acts to modify a TRP- 
protein, such as to dephosphorylate the TR—« 
to thereby potentially prevent the binding 
to its specific TAR RNA binding site. 
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In that the present inventors have disclosed the 
ability of a cellular protein to bind to both upstream 
and downstream of important promoter elements to a highly 
conserved region of, for example, the HIV gene, the 
5 inventors postulate the particular TRP-185 cellular 
protein may also bind other "conserved" nucleic acid 
regions which become activated upon association with & 
cellular protein, to affect gene expression. These 
results indicate that TRP-185 binds to conserved regions 
10 of DNA known as "initiator sequences". 57 These elements 

are critical for gene expression of both viral and 
cellular genes. Thus, TRP-185 may regulate the 
expression of various cellular genes. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 Assay of TRP-185 and TRP-140 fractionation. 

Fractions from chromatography that were active for 
20 binding to TAR RNA in gel retardation (Figure 1A) or UV 
cross linking assays (Figure IB) are shown. Lanes 1 = 
probe alone; Lane 2 = heparin agarose; Lane 3 = Sephacryl 
S-300; Lane 4 - mono S FPLC; Lane 5 = hydroxy lapat it e; 
Lane 6 = sucrose gradient TRP 140 pool; Lane 7 = Sucrose 
25 gradient TRP 185 Pool; Lane 8 = Sucrose gradient TRP 185 
pool and cof actor (CF) fraction; and Lane 9 = cof actor 
(CF) fraction alone. Figure 1C: Lane 2 and Lane 3 show 
UV crosslinking of TRP-185 from the sucrose gradient TRP 
185 fraction in the absence (lane 2), or presence (lane 
30 3) of RNase. 

Figure 2 Analytical sucrose gradient analysis of TRP- 
185. 

35 Figure 2 A - TRP-185 binding was assayed by gel 

retardation with fractions 5-19 obtained by analytical 
sucrose gradient centrifugation. Figure 2B = These same 
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10 



20 



30 



Figure 3 Mutations in the HIV TAR 

stem-loop structure of the HIV LTR extending 
, *" " +62 ^ shown for a series of constructs which 
ZZZ i- «• in the 1*, --f«^«- 

~ f ragments were £^£2X1: 
RNA polymerase promoter., the linker-™* fragm 
cloned into P UC19, and FHA transcription fro- these 

performed in vitro with T7 polymerase. 



*ne shaded areas indicate the nucleotides 
anu/o^deleted in each construct. The construct, include 
„ /wild-type. (2) (+31/+34) , (3) OEM-sense) , (4) 



(8) +30, (9) +32, and (10) +34 

Figure 4 Competition analysis of TRP- 

with mutant TAR RNA 



185 and TRP— 140 



Gel retardation analysis was performed with 
internally labeled wild-type TAR RNA and either 
hydroxylapatite (Figure 4A) or *™^ C *\ 6U ~° S * 
aradient (Figure 4B) purified TRP-185 with added 

Lanes include probe alone (lane 1) , extract 



cof actors. ixm^ ^ m 

riane 2» , or competition with a 30-fold excess of 
unlabeled RNA for wild-type (Lane 3); +3X/+34 (lane 4) ; 
TA etZ (lane s> ; «./«». (lane 6, ; (»/+»> 
(lane 7), «3 (lane 8); and A(«3/«S) (lane 9). Binding 
reactions were performed W mixing various amounts of 
competitor EHA (0-50 ng) with 1.5 ng of wild-type BHa 
prone and the added extract. Figure 40 - Exnerimental 

- j a»v« rmirVF 




competition efficiencies 



Figure 5 Competition analysis of TRP-185 and TRP-140 

with TAR loop mutants 

Gel retardation analysis was performed with 
internally-labeled wild-type TAR RNA using either 
hydroxylapatite (Figure 5A) or analytical sucrose 
gradient (Figure SB) purified TRP-185 with added 
cof actor. Lanes included probe alone (lane 1) , with 
extract (lane 2) , or competition with a 30-fold excess of 
unlabeled RNA for the wild-type (Lane 3) , +31/+34 (Lane 
4); +30 (Lane 5); +32 (Lane 6); and +34 (Lane 7). Figure 
5C = Experimental data were plotted, and competition 
curves and relative-, competition efficiencies were 
determined* 

Figure 6 Binding of tat proteins to wild-type and mutant 

HIV TAR RNA 

Both bacterially produced and purified wild-type tat 
(lanes 1-5) and a mutant tat protein, tat 52/57 (lanes 6- 
10) , were used in gel retardation assays with labeled TAR 
RNAs corresponding to the wild-type (A) , loop 
substitution mutant +31/+34 (B) , bulge point mutant +23 
(C) , and bulge deletion mutant +23/ +25 (D) . The amount 
of tat protein added to each reaction was as follows: 0 
(lanes 1, 6), 1.8 ng (lanes 2, 7), 3.6 ng (lanes 3, 8), 
7.2 ng (lanes 4, 9), and 14.4 ng (lanes 5, 10). 

Figure 7 Tat competes with TRP-185 for binding to TAR 

RNA 

TRP-185 and cof actor fractions were used in gel 
retardation assays with wild-type TAR RNA in the presence 
of increasing amounts of wild-type tat (A) , mutant tat 
52/57 (B) , or glutathione-S-transf erase (GST) (C) . In 
each panel, the amount of added tat or tat 52/57 was 0 
(lane 1) , 50 ng (lane 2), 200 ng (lane 3), 1000 ng (lane 
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,. aTM1 S s amount of GST used (C) was 

£ ^r^rJl-ove, correspo^in, ^ — « 
(A) and tat 52/57 (B) . 

5 Figure 8 

T m« cat construct (lanes 1-4) or a 
A wild-type H^TR ^T ^ Qf ^ TAR bulge 

similar construct contaxnxng with Nco I. 

r egion C«/^^r ^es 1 and 5) , wit, the 
10 HeLa nuclear extract aio i 6Ucrose 
addition of cof actor (lanes 2 and 

__ TRP-185 (lanes 3 and 7), or hotn 
Has (lanes 4 and 8) were added to 




20 




15 Figure 9 

of TRP- 




column ^-ato^aphy of the ^ 
185 - (D) HonH <* sucrose gradients. 

^toir^^ wel6 

!L!: ' L Le cofactors fraction. (Activity assay gels 



not shown for the first two 
and HTP Bio Gel.) 



25 Figure 10 




30 Figure 



... Qel retardation analysis with 
Autoradiogra* wxth DNA gel retar ^ 

^ DHA. Lane 4 represent. « adenovirus DNA. 
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DETAXIiED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In its broadest embodiment, the invention provides a 
cellular protein with nucleic acid binding activity, 
5 particularly and most unusually to a viral SNA of HIV. 

More specifically, the binding protein, designated herein 
as TRP-185 binds to HIV RNA at a region defined as the 
TAR region. This TRP-185 cellular protein binds viral 
RNA. The inventors have observed that the binding 
10 activity of the protein for viral RNA for example, may be 
enhanced in the presence of what is described herein as 
"cof actor" fraction. 

The cof actor fraction includes several peptides. 

15 One important peptide in the cof actor fraction is an -100 
kD cof actor. Because the cofactor(s) itself does not 
bind the RNA, it is believed that the capacity of TRP-185 
to bind results from a post-translational modification 
(i.e., chemical modification) of the TRP-185 (present in 

20 the normal cellular environment) by other substances 
(such as in the "cof act or fraction"). This 
"modification" may facilitate the binding of TRP-185 to a 
particular nucleic acid segment binding site on DNA or 
RNA. For example, with HIV RNA, the substances present 

25 in the "cof actor fraction" may act to phosphorylate the 
TRP-185 protein, thereby facilitating attachment of the 
"phosphorylated" form of TRP-185 to the TAR region of the 
HIV RNA. Thus, the binding protein TRP-185 may be 
employed to regulate the level of gene transcription, and 

30 therefore the level of viral activity. 

In addition, the present invention also encompasses 
inhibitors to this protein, (or to the cof actors which 
are shown to be important to the binding of TRP-185) , 
35 which may be used to prevent the binding of the TRP-185 
protein, to, for example, HIV RNA, and thereby also 
effect a "turning off" of the HIV virus. By way of 
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i-fcor" of 



TRP-185, an antisense DNA, an 



RNA -that: 




of TRP-185 protein (TAR) binding 



The binding protein of the 

While the s 



chanism/function of the protein (TRP-185) in 

function is not exactly known, the fact 



10 cellular gene 



that the protein is cellular and is known to 
that me pro b i„dina to viral RNA and 

other gene expression (i.e. binding to yir 

regulating viral genes) makes probable its role in 
reg * _ qjjje TRP-185 protein may be 



(in its nonactivated state) sitting on an RNA but 
( to a variety of DNAs. The TRP-185 

a critical factor in cellular 



^ oww control. Thus, the TRP-185 binding element of 
Resent invention may constitute a reagent useful in the 
20 study of nucleic acid binding activity and gene 

expression, such as HIV regulation and expression. 

_ though the invention has been described with a 
certain degree of particularity, it is evident that many 
25 alternatives, modifications, and var iat ions wi be 
apparent to those skilled in the art in light of the 
foregoing disclosure. Accordingly, it is i»^ded 
all such alternatives, modifications, and variations 
which fall within the spirit 
30 invention be embraced by the 

The following examples are presented to describe 

and to satisfy "best 
invention, but should 




mode" re 
not be 




of the 
as limiting 
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EXAMPLE 1 

ISOLATION AND PURIFICATION OF NUCLEIC ACID 

BINDING PROTEIN TRP-185 

5 

The present example is provided to demonstrate the 
most preferred method for isolating a bioactive TRP-185 
protein from a mammalian nuclear cell extract. However , 
it is contemplated that upon further sequence analysis of 

10 the protein and subsequent cloning and expression of the 
gene, the TRP-185 binding protein may also be obtained in 
an even more pure preparation from an expression system 
(outlined in Example 9) . The purification scheme is shown 
in a flow diagram in Table 1 and is described in detail 

15 in this example. 

Preparation of Mammalian nuclear Cell Extract 

Virtually any mammalian cell type may be used to 
20 prepare the initial nuclear cell extract. By way of 
example, cell lines which may be used include VERO, 
JurJcat, CEM, W138, BHK, COS, 293, MDCK, and HeLa cells. 
Host preferably, the HeLa cell line is the cell line of 
choice for preparation of the nuclear cell extract. 

About 60 liters of HeLa cells were obtained and 
nuclear extract prepared therefrom. The procedure used 
was basically that described by Dignam et al. (1983) . 35 



30 




designated as follows: Buffer W contains 10 mH HEPES (pH 
7.9 at 4°C), 1.5 mM HgCl 2 , 10 mM KC1 and 0.5 mM DTT; 
Buffer X contains 0.3 M HEPES (pH 7.9), 1.4 M KC1 and 
0.03 M MgCl?/ Buffer Y contains 20 mM HEPES (pH 7.9), 25% 
(v/v) glycerol, 0.42 M NaCl, 1.5 mM MgCl 2 , 0.2 mM EDTA, 
0.5 mM phenylmethylsulfonyl fluoride (PMSF) and 0.5 mM 
DTT; buffer Z contains 20 mM HEPES (pH 7.9), 20% (v/v) 
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, « i M KC1. 0.2 dM EDTA, 0.5 mM 

glycerol, 0.1 M KCl, ^ esll to t 

DIT. DTT and PMSF were 



# and 0.5 mM 



cells ( a line obtained from C. 
ia institute of Technology) were 

<n aS ks at 37-C in Joklik's MEM (minimal 
i„ spinner flasks g% calf serum . They were 

to 4 to 6 x 10 5 cells per ml prior 



10 for 



15 



20 



30 




Extract preparation - 
culture media by 
centri^ion («t roon U^., .or X0 -in a* ,000 
rp. in a Sorvall HS4I. 

-a~* «s« -five volumes of 4°C pno, 

Inducted by centrifugation as = „ 
steps were performed at 4-C Jhe cells wer ^ 
in five packed cell pellet volumes of 




, -«-| owed to stand for 10 min. The 
and allowed to s before an d suspended in 

mi lected by centrifugation " . . _ 

collected y t volumes (volume prior to the 

two packed «^r^J% of buffer « and lysed by 10 
initial wash ^ ^f ^ Dounce homogenizer (B type 
c-h-rokes of a Kontes an 9- t< * S3 _ # :„n v for 





cTll l,.i. centred for 10 »in a* 2000 rpm in a 

Sor «ll H«, ro*or pel£ ot buffet x , 

fully decanted, mixeo wiui , ^ e 

centrifuged for 60 min at 100,000 g av 



42 rotor) . The high speed 
dialyzed five to eight 
Z and is designated the S-100 

The nuclear extract was 
obtained from the low 




against 20 volumes of buffer 





homogenate was subjected to a 
20 min at 25,000 g av (Sorvall 



The 

centrif ugation of the 

centrifugation for 
rotor), to remove 



WO 93/09230 PCT/US92/09546 



residual cytoplasmic material and this pellet was 
designated as crude nuclei. These crude nuclei were 
resuspended in 3 ml of buffer Y per 10 9 cells with a 
Kontes all glass Dounce homogenizer (10 strokes with a 
5 type B pestle) . The resulting suspension was stirred 
gently with a magnetic stirring bar for 30 min and then 
centrifuged for 30 min at 25,000 g m (Sorvall SS34 
rotor) . The resulting clear supernatant was dialyzed 
against 50 volumes of buffer Z for five hours. The 

10 dialysate was centrifuged at 25,000 (Sorvall SS34 
rotor) for 20 min and the resulting precipitate 
discarded. The supernatant, designated the nuclear 
extract, was frozen as aliguots in liquid nitrogen and 
stored at i-80°C. The protein concentration was usually 6 

15 to 8 mg per ml and 15 to 20 mg of protein were obtained 
from 10* cells. 

Purification of HIV TAR RNA binding protein (TRP-185) 

35 

20 Nuclear extracts were prepared as described above. 

Xll procedures were performed at 4°C. Nuclear extract 
prepared from 60 liters of Hela cells was applied to a 
heparin-agarose column (2.5 x 9 cm) and equilibrated with 
buffer A (20 mM Tris, pH 7.9, 20% glycerol (v/v) , 0.2 mM 

25 EDTA) containing 0.1 M KC1, 0.5 mM DTT and 0.5 mM PMSF. 
The column was washed with the same buffer until the A^q 
was almost zero, and then bound proteins were eluted with 
buffer A with 0.4 M KC1, 0.5 mM PMSF and 0.5 mM DTT. The 
0.4 M KC1 buffer a fractions were pooled and dialyzed vs. 

30 buffer A with 0.1 M KC1, 0.5 mM PMSF and 0.5 mM DTT. The 
dialyzed fraction was then applied to HTP Bio Gel (2.5 x 
5 cm) equilibrated with the same buffer. The column was 
washed and eluted with buffer A containing 0.1 M 
potassium phosphate. The active fractions were pooled 

35 and precipitated with 70% ammonium sulfate and then 

applied to Superdex 200 FPLC column equilibrated with 
buffer A containing 0.1 M KCL and 1 mM DTT. The active 
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30 



_ ^ , aiw , l4e(i to a Bio Rex 70 (1-5 x 
tactions were pooled and applied to ^-t^ough 
3 cm) column in the same buffer. The ■» 
* I-tions were pooled and applied to Dextran Blue 
fractions were P equi iibrated in the same 

Sepharose (1.5 x 2 cm) cox eluted witn buffer A 

». The column was washed and elutea 
buffer. Tne coxumi -etive fraction 



. • n a m KCL and 1 mM DTT. The active rrac^o^ 
containing 0.4 M KCL ana x &nd 

were pooled and dialyzed vs. Buffer A witn 
were poo^ ., ja i vg!e d fraction was then 



~ ^^LcT^ c l^ eguilihrated in the 
co^Ln wa.»ehed L elute* with 

buffer a wiw» alvcerol and 0.2 mM 

"ex.. x ..i «, containing . 5* 

« to 20 * continuous sucrose gradient. A pr.parative 
!S to 20 * <=° _ performed using Bedoaan SW 41 

sucrose gradient was men p _ sucrose 

Tl rotor at 28,000 rpm for 40 hours at 4«C. The 
Saoient, were fractionated fro- the botto. of .«* tube, 
assayed, and stored at 4-c. At this stage the degree of 
20 purification of the TRP-1S5 protein 

3000-fold. The dissociation constant K,, was 




41 



A protocol which included less steps in the 
purification of the nuclear extract and column 
chromatography over Sephacryl S-300 resulted » poor 
yield and a less pure preparation of the nucleic ar 
binding protein. Osing that protocol th^ partial 
purification of TRP-185 binding protein obtained w, 
about a 72-fold purified preparation, (see Table 2. final 
specific activity of 252 ng/mg, * initial activity of 3.5 
ng/ng) • 

The nammalian cell nuclear extract processing 
protocol outlined in Table 1 is therefor submitted 
-best »ode» purposes (providing a 1,000 - 10,000 f 
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purified TRP-185 protein preparation) . However, the TRP- 
185 nucleic acid binding protein preparations should be 
equally effacious in, for example, stimulation of HIV 
gene expression, in analysis by gel retardation and UV 
5 cross-linking for binding to TAR RNA, and in the 

interaction of TRP-185 with TAR RNA in the presence or. 
absence of a f, cof actor" fraction. The differences 
observed between the two preparations, therefore, would 
only relate to the potency of the TRP-185 preparation. v 

0 

Prepared according to the above described method, 
the cellular binding protein TRP-185 may remain stable 
for between 3-6 months stored at between 0-4 °C. 
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I 

Bio Rex 70 




55 
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Table 2. Partial Purification of 



Procedure 


Volume 
(ml) 


Total 

Protein 

(mg) 


Total 
binding 
activity 
(ng) 


Sp . act* 
(ng/mg) 


Yield 
(%) 




60 


3000 






* 






S90 








Heparin-agarose 


66 


300 


1050 


3.5 


100 


Ammonium Sulfate 
fppt.) 


4.9 


252 


932 


3.7 


89 


Sephacryl S-300 


40 


33 


370 


11.2 


35 


FPLC Mono S 


35 


14 


342 


24.4 


33 


HTP Bio gel 


""■5.6 


3.6 


168 


46.8 


16 


Sucrose gradient 


10 


0.61 


154 


252 


15 



10 



20 



Maximal binding conditions at each 
determined and then binding was performed 
conditions. Appropriate bands were 
counted by liquid scintillation. 



cut out and 



(+1/+80) 
binding 



activity is defined 
HIV wt RNA bound per mg of 



ng of labelled 
protein in 



25 



30 



While an about 72% fold purified preparation of TRP- 
185 cellular protein from a HeLa cell 
obtained using the procedure outlined in 
modified protocol described herein, which 
excludes the Sephacryl S-300 column, provided 
preparation of about 3,000-fold purity from 



2, the 
notably 



Gel retardation assay for TRF and tat binding 



The probe for binding assay was prepared by In 
transcription of a plasmid directing the synthesis of 
nucleotides +1 to +80 from the ARV-2 HIV LTR using T7 
polymerase and alpha 32 P-GTP (3000 Ci/mmol) . The 
transcribed RNA was gel-isolated, eluted and used for 
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. 9f . lv i 5 ng of TAR RNA probe was mixed 

TTTT-^UT. Poly (x)-poxy .C.o.s M - 

with extract (0.6 |tg 1U * 



O.fmH EDTA# SO T^n^f 



10 



20 



glycerol in 50 ,ii total volume. Protein samp*- ~- 
glycerol #* column (4 MS) * Mono 

Heparin-agarose column (10 f»gj , 

, ^ q HTP Bio gel column (2.6 jtg) and 

s column (3.9 1*9) # 1Ujr ° * . . 

Lcror^dient pool (0.6 „g) were used. The 

the sables were loaded onto . 4% polyacrylamlde gel 

containing 1 x TBE and 2% glycerol, and 

at 180V in 1 x TBE and 2* glycerol at room temperature 

ILL at 70-C. ror --. gradient fract one 10 ,1 of 





competition analysis, 0 - 50 ng of each of the 
in 'itro transcribed competitor RNAs was mixed with probe 
and then binding was performed. Binding assay, to 
labeled MR m probes (l.Sng) were performed in a 50 pi 
total volume as described (Roy et al. , 1990b) • 
competition exp«i»ents with TRP-16S (0.6„g>, cof actor 
fraction (10 nD and tat protein (0 to 60 ng) were 

» * aV £ ■■ Wl a**) 




25 UV crosslinking of TRP-185 to TAR M0. 

W crosslinking of TRP-185 TAR RNA was performed 
under similar binding conditions. Briefly, the binding 
reaction of TRP-185 was first done as described above. 

30 After 30 minutes at room temperature, the reactions i 
irradiated under Fotodyne U.V. lamp (maximum emxssio, 
wavelength 7000 uW/cm2) at a distance of 4.5 cm from 
W source for 30 minutes. 50 U of RNase Tl was added, 
incubated at room temperature for 10 minutes, loading dye 

35 added, heated for 5 minutes at 95-C, and the samples 
electrophoresed on 8% SDS-polyacrylamide gel. 
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TRP-185 and TRP-140 bind to TAR RKA 

The purification table for HeLa cell nuclear 
extracts containing proteins that bound to TAR UNA is 
5 indicated in Table 2. Gel retardation analysis was 

performed to assay different column fractions for their 
ability to bind TAR RNA. As shown in Figure 1A, lane 2, 
one major gel-retarded species was detected following 
fractionation on heparin agarose. Gel -retardation 

10 analysis with unfractionated nuclear extract yielded a 
number of additional retarded species, but competition 
analysis indicated that they bound to a variety of 
nonspecific RNA templates (data not shown) . Further 
chromatography on Sephacryl S-300, Mono S fast protein 

15 liquid chromatography (FPLC) , and hydroxyapatite columns 
revealed two major gel -retarded species (Figure 1A, lanes 
3-5) • These two species could be separated following 
preparative sucrose gradient centrifugation (Figure 1A, 

lanes 6-8 ) . 

20 

UV cross-linking in the absence of RNase with each 
of the column fractions shown in Figure 1A was also 
performed (Figure IB) • The results were consistent with 
the slower-mobility gel-retarded species migrating on 

25 SDS-polyacrylamide gels at 200 kO and the faster-mobility 
gel-retarded species migrating at 155 kD (Figure IB) . 
Treatment of each of these species with RNase Tl 
following UV cross-linking revealed a decrease in their 
molecular masses to 185 kD (TRP-185) (Figure 1C) and 140 

30 kD (TRP-140) (data not shown) , respectively. UV cross- 
linking, gel electrophoresis, and autoradiography of the 
gel slice containing these gel-retarded species also 
revealed the presence of either the 185-kD or the 140-kD 
species (data not shown) • It was noted that in the 

35 absence of RNase Tl, UV cross-linking of wild-type TAR 
RNA and TRP-185 resulted in two species, whereas in the 
presence of RNase, only one species was detected (Figure 
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ic) . It is 
binding more 



thus possible that TOP 



-185 was capable of 



TAR RNA molecule 



Figure 9 shows autoradiograms 




(Table 1) and Fxgure 



in the xm; 
10 





7 and 8 in Figure 



9E correspond 
gel in 



isolation of TRP-185 
a silver stained gel 
fractions . Fractions • 6 , 
to lanes 6, 7 and 8 of 
10. 



10 



EXAMPLE 2 



PREPARATION AND 



CHARACTERIZATION OP A COFACTOR FRACTION 




by wniC h the cefaclor faction used in the present 
invention was prepared. The cof actor 
characterized to include several i^idualc.^^, 
such as a 100 kD, a 64 kD, and a 46 kD cof act or. The 
20 addition of a volume of the entire cofactor frac 
2 binding of TRP-185 to TAR RNA in 



isolated individual cof actors have not 

observed to bind to the TAR region of HIV RNA. 



25 PBEPARSTIOK OF COFACTOR 

proteins modulate TRP-185 binding to MR ERA 

To determine the binding properties and the native 

30 size of TRP-185, preparative sucrose gradient fractxons 

containing TRP-185 were further characterized by 

Mn . r . fuaation (Figure 2). 



to determine 



were included in 
the position of TRP 



-185 in the 




None of the fractions from 
gradient including fractions that 
migrating between 180-200 kDa gave 



rise to 
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retarded species (Figure 2A) . Prolonged exposures of 
-this autoradiogram did not result in detectable gel- 
retarded species (data not shown) . This suggested that 
TRP-185 may require several components for binding to TAR 
5 SNA as previously suggested (Figure 1A, lines 7-9) . 

Individual fractions from the original preparative 
sucrose gradient (see Example 1) were added to fractions 
from the analytical sucrose gradient. The combined 
10 fractions were then analyzed by gel retardation analysis 
(Figure 2B) . Fractions from the analytical sucrose 
gradient which comigrated at 9.5S (near the 200 kDa 
molecular weight marker) were active in gel-retardation 
only when combined with an additional fraction which 
15 sedimented at about 100 kDa in the preparative sucrose 
gradient (Figure 2B) . This 100 kDa cof actor (CF) 
fraction did not result in UV cross linked or gel retarded 
species either alone (Figure 1A and IB, lane 9) or when 
combined with other sucrose gradient fractions. Heat 
20 lability, trypsin sensitivity, and further fractionation 
were consistent with the fact that this cof actor fraction 
contained proteins. These results were consistent with a 
model in which the binding activity of TRP-185 is 
modulated by cofactors which were themselves not capable 
of binding TAR RNA directly. 



It is possible that these cofactors may be a class 
of cellular kinases which alter the phosphorylation of 
TRP-185, with resultant changes in its binding affinity. 

30 The observation that protein kinase C expression vectors 
activate tat-mediated expression via the TAR element is 
consistent with this possibility. 36 However, it cannot 
definitively be ruled out that TRP-185 may weakly 
interact with these cof actor species. Similar 

35 interactions occur with the multisubunit factor, CstF, 

which is required for mRNA polyadenylation. 39 * 40 A 64 kDa 
species is seen upon UV crosslinking of CstF to RNA, but 
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other components of the complex must be present to 
reconstitute the oinding of this specxes. Both UV 



30 



rosslinking and sucrose g«»*« 7 * 

— nas a molecular weight of approximately 185 kDa ^ 

mfml > of a m ulti-component complex unlikely. 



PREPARATION OF ANTIBODIES TO TRP-185 

Monoclonal and polyclonal antibodies raised against 



TRP-185 exposed and unexposed to cefaclor w ~- 

rtaL^ described in this example. These -t^odies 

are useful for (1) screening a cDNA ^ Si °^^ 
£e process of cloning the gene that encodes TRP-185 (for 



ZSm^h . (2) facilitating the purification of TRP-185 
by using column chromatography to which the monoclonal 
antibody is bound, and <3> providing 

for a diagnostic immunoassay for screening bxological 



Monoclonal antibodies are obtained using the 
following procedure: 51 

lamunisation Schedule for Raising Monoclonal Antibodies 

each mouse, mix 250 pi of antigen solution 
containing 10 M of TRP-185 with 250 ,1 of complete 

's adjuvant. Inject six BALB/c female mice ip 
(intraperitoneal injection) . 

2. After 14 days, repeat the injections of TRP-185 
incomplete Freund's adjuvant.. 



3 



collect tail bleeds from immunized mice on day 24 
Do 1 in 5 dilutions in phosphate buffered 



(PBS) and test all samples by comparison with 
similar dilutions of normal mouse serum in a dot 
blot. 

On day 35, inject all animals ip with TRP-185 and 
incomplete Freund's. 

* 

Day 45, do tail bleeds and test by dot blot. All 
serum samples checked by immunoprecipitation against 
in vivo radiolabeled antigen preparation. 

Day 56, inject best responder, 100 /il iv and 100 fil 
ip. All other?., get ip injection with incomplete 
Freund's* 

Day 59, fuse splenocytes from best responder. 

The resultant hybridoma tissue culture supernatants 
screened for monoclonal antibodies as follows: 

A protein solution of at least 1 /xg/ml of TRP-185 is 
added to a nitrocellulose sheet at 0.1 ml /cm 2 . 

Allow the protein to bind to the paper for 1 hr . 
Higher concentrations of proteins will increase the 
signal and make screening faster and easier. If the 
amount of protein is not limiting, concentrations of 
10-50 /xg/ml should be used. Nitrocellulose can bind 
approximately 100 fig of protein per cm 2 . 

Wash the nitrocellulose sheet three times in PBS. 

* 

Place the sheet in a solution of 3% BSA in PBS with 
0.02% sodium azide for 2 hr to overnight. To store 
the sheet, wash twice in PBS and place at 4°C with 
0.02% sodium azide. For long-term storage, shake 
off excessive moisture from the sheet, cover in 
plastic wrap, and store at -70°C. 
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on a piece of 
vltoVsoft lead pencil in 3-*m squares 
enough paper for the number of assays. 

. Apply 1 Ml of the hybridoma 



9 




L^ocellulose sheet on the paraf i*a at room 

a humid atmosphere for 30 min 



xn 



Along with diJ-u^xon* — 

_ . . _ __. 11c -o serum from the last wst 
dilutions of the mouse serum 

controls. Dilutions of the test 



bieea Erectly for the strength of 

««-=oTvfcial to control correct xy iw- 

essential ^ often contaxn 

the positive sxgnals. Mouse s _ ^ 



and therefore will give a stronger signal 
: m-odonal antibody. Therefore dilutxons 
need to be used to lower the signal. Good 
aonoclonal antibodies will appear 10-fold 
potent than good polyclonal 



„_ . -times with PBS, 

. Quickly wash the sheet three s 

wash two times for 5 min each with PBS. 



Add 50,000 cpm of ^-labeled rabbit antx- 
immunoglobulin per 3-mm square in 3% BSA/PBS wxth 
0.02% sodium aside (about 2.0 ml/cm ) . 

After 30-60 min of incubation with shaking a 
temperature, wash extensively with PBS until 
wash buffer approach background levels. 



cover in plastic wrap and expose to X-ray film with 
a screen at -70°C. 
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The hybridoma identified as producing antibody to 
TRP-185 exposed and unexposed to cof actor fraction is 



1. Inject 10 7 (or less) cells into female mi 
have been injected ip about 1 week earlier with 0.5 
ml of pristane or incomplete Freund's adjuvant. 
These types of injections are also used to prime 
mice for ascites production , and this may serve as a 
convenient source of appropriate hosts. If no mice 
are available , inject mice with incomplete Freund's 
adjuvant and wait 4 hr to 1 day before injecting the 
hybridoma cells. The animals must be of the same 
genetic background as your cell line. 

2. If an ascites develops, tap the fluid and transfer 
into a sterile centrifuge tube. 

3. Spin the ascites at 400g for 5 min at room 



4. 

in 10 ml of medium supplemented with 10% fetal 
bovine serum and transfer to a tissue culture plate 
25 The supernatant can be checked for the presence of 

the antibody and used for further work if needed. 

5. Handle as for normal hybridomas, except keep the 

cells separate from the other cultures until there 
30 is little chance of the contamination reappearing. 
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OP TRP-185 BIHDING FOR HIV TAR RHA 

trp-140 and TRP-185 bound 
To determine whether trf i*» 

to TAR RNA, RNA gel retardatxon and 






10 ^ and mutant HIV mRNAs were constructed by 

Wild-type and mut^ a T7 RNA polymerase 

^Lr r^ fra^ of the indicated TAR constructs 
STTtT^. Transcription of these constructs was 
from +1 to +8o polymerase 

15 "^r^a^ip's ~"LIL/of nucleotide. + X « 

^ification war. performed using t*. regents «- 

of th« Riboprobe System II <Pro«ga> • 

JdaaiB a requires J»th the TSR JB» loop 




. T 7 promoter ana 

was placed downstream of the T7 P labe led 

in vitro in either the presence or *> s&i °* 

TLtides These constructs include wild-type, a 
nucleotides. ineoc /+34> a mutation 

substitution of tbe loop sequences W+ 3 *>' " 
of the TAR primary sequence (TAR-sense »f 



SOT /i deletion of the bulge region 

bulge region (+23) , a aexe^ion _„„ oe „ t 

r^/+251 and mutations in the loop sequences at 

!!'In S f + 3ot («2) , and («4) . Gel retardation with 
positxons («0), ( 3 )^ coffipetitiott „ith unlabeled 

35 labeled ^xld-type TAK ^ and TRP-185 eluted 

RNAs were performed wxtn »o TRP - 1 85 plus a 

from the hydroxylapatite column, and with TRP 185 p 
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centrifugation (Figures 4 and 5) . Table 3 reveals the 
relative activity of each of these constructs in the 
context of the HIV LTR when transf ected into HeLa cells 
in the presence of a tat expression vector. Thus, we 
could correlate in vitro binding assays with the in vivo 
activity of 



10 



Table 3: Relative activity of TAR mutant constructs with 



Construct 


Relative CAT activity 


1. wild-type 


1.0 


2. (+31/+34) 


0.04 


3. TAR sense 


0.41 


4. (+19/+22) 


0.08 


5. (+19/+22)/(+40/+43) 


0.96 


6. (+23) 


0.22 


7. A(+23/+25) 


0.25 


8. (+30) 


0.16 


9. (+32) 


0.18 


10. (+34) 


0.22 



15 



20 



30 



Transf ections of each of these 
context of the HIV LTR (-170/+80) 
the presence of a tat expression 
performed and the percent CAT 



in the 
to CAT in 



The results were normalized to the 
percent CAT conversion of the wild- 



40 



Gel retardation with 
fraction revealed two 
and TRP-185 (Figure 4A, 
a 30-fold excess of 
TRP-140 was not competed 
competitor (Figure 4 A, lane 3). Larger 
wild-type competitor 



hydroxy lapatite column 
corresponding to TRP-140 
2) . TRP-185 was competed by 
wild- type 



a s 



• • 



TAR RNA while 

amount of 
quantities of 

resulted in the loss of TRP-140 
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^„ai»a but all other TAR RNAs tested also competed at 
binding, but an o indicating minimal binding 

similar concentrations, indicating mi 

specificity for «^Jf"^LHTlS^ 
species containing substitutions of ^he lo P f 
(+31/+34) resulted in only minor levels of comp 
TRP-185, indicating a critical role for the loop 
sequences in TRP-185 binding (Figure 4A, lane 4) . 
Mu^Son of the TAR RNA primary sequence (TAR-sense) ^ 
Mutation -4 .ii.i„, «f trp-185 similar to 

resulted in levels of competition of TRP 185 

Lat found with wild-type TAR RNA (Figure 4A lane 5). A 
7? IT^ of the TAR stem structure (+19/+22) resulted 
disruption of the TAR s binding (Figure 4A, 

in decreased competition of TRP is 5 cm y v 



lane 6), while restoration of the 

xane »## , . _ ea T- wild- type levels of 

f+19/+22)/(+40/+43 resulted in near wiiq typ 

,/v ....^ ,» » noint mutation m the 

competition (Figure 4A, lane 7). A point mu 

bulge («3) resulted in near wild-type ~^*" B ■ 
(Figure 4A, lane 8) , but a deletion of the entire bulge 
A (+237+25) resulted in minimal competition being 
as defective as the loop mutant (+31/+34) (Figure 
20 4A, lane 9) . A similar series of gel retardation 




gradient isolated TRP-185 and 

fractions (Figure 4B) . The pattern of competition 
TRP-185 was similar to that seen using 
hydroxylapatite column (Figure 4B) . This indicated that 
TRP-140 was not required for the binding properties of 
TRP-185. Competition curves and relative competition 

for each of these constructs are shown m 



Figure 4C. 



Since the loop sequences appeared critical 
binding of TRP-185, we used both hydroxylapatite and 



sucrose gradient fractions containing TRP-185 in gel 
^tardation and competition analyses with wild-type TAR 



RNA and several loop point mutants (Figures 5A and 5B) 
With the hydroxylapatite column fractions, the wild-type 
TAR RNA again resulted in marked competition 
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binding (Figure 5A, lane 3) while the loop substitution 
mutant (+31/+34) resulted in only minimal competition 
(Figure 5A, lane 4) . Mutation of nucleotide (+30) in the 
loop resulted in only slight competition of TRP-185 
5 binding , similar to the results obtained with the 
(+31/+34) loop substitution mutant, indicating the 
importance of this nucleotide in the loop for TRP-185' 
binding (Figure 5A, lane 5) . Mutation of nucleotide 
(+32) in the loop resulted in significant levels of 

10 competition of TRP-185 binding (Figure 5A, lane 6) though 
less than was seen with wild-type TAR RNA while mutation 
of nucleotide (+34) resulted in intermediate levels of 
competition for TR»rl85 binding (Figure 5A, lane 7) . 
None of these RNAs containing point mutations in the loop 

15 region resulted in significant competition for TRP-140 at 
the concentrations tested (Figure 5A) . Similar results 
were seen with sucrose gradient purified TRP-185 (Figure 
5B) . Competition curves and relative competition 
efficiencies for each of these constructs are shown in 

20 Figure SC. 

The results indicated that individual nucleotides in 
the loop region were critical for TRP-185 binding, but 
different nucleotides had somewhat variable effects on 

25 its binding. Though a point mutation in the bulge did 
not greatly alter TRP-185 binding, a deletion of the 
bulge resulted in marked decreases in its binding. In 
addition to determining regions of TAR RNA required for 
efficient TRP-185 binding, the binding affinity of TRP- 

30 185 was also calculated. The binding affinity (K^) of 
TRP-185 to TAR RNA was calculated to be 3.15 x 10" 10 M 
while its affinity to nonspecific RNA was 2.11 x 10" 5 M 
(data not shown) . Thus TRP-185 bound to TAR RNA with 
both high affinity and marked specificity. 
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EXAHPLE 5 

RHA GEL RETARDATION ANALYSIS AND 
COMPETITION ANALYSIS OF TRP-185 BINDING 

« present example is provided to demonstrate 
competition between tat and TRP-185 for binding to ■ 
TAR RNA loop sequence. The particular P^ocols^ployed 
to demonstrate this competitive binding are (1) RNA gel 
10 retardation, and (2) competition analysis with tat 



30 



For tat bacterial expression, DNA fragments encoding 
either wild type tat or tat 52/57* which contains the 

15 amino acids Gly Gly Ala Gly Gly Gly in place of the 

native amino acids Arg Arg Gin Arg Arg Arg (amxno acxds 
52-57) were used. By changing the sequence GAAATG 
encompassing the initiating methionine to AGATCT , a 
BglTLL/EcdKL fragment of a tat subclone containxng ' 

20 second exon of tat was cloned into P GEX-2T (Smith and 
Johnson, 1988) . Following cleavage with thrombin at - 
recognition motif between the GST-tat junction, tat 
proteins were generated and purified which consisted of 
amino acids 2 to 72 of tat preceded by Arg-Ser 

25 contributed by the Bgl III sequence. 

purification of bacterial synthesized tat protein 

overnight cultures of wild-type or mutant tat (52/57) 
in PGEX-2T were diluted 1/100 in 500ml of fresh medium 
and grown to an O.D. of 0.6 at 37-C. The tat fusion 
proteins were induced by the addition of IPTG to a final 
concentration of 0.1 mM. Cultures were grown for four 
additional hours, the pellets harvested, and resuspended 
in 5 ml of lxPBS (150 mM NaCl, 16 mM Na2HP0 4 , 4 mM 
NaH 2 P0 4 , pH 7.3) plus 0.5 mM PMSF and 1 mM DTT. O 
were lysed on ice by sonication, spun at 12,000 rpm for 
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15 min. , and loaded on a l ml glutathione-Sepharose 
affinity column (Smith and Johnson, 1988) . The column 
was washed with the above buffer and eluted with buffer 
containing 50 mM Tris (pH 8.0), 1 mM DTT and 5 mM 
5 glutathione. Practions containing the tat fusion 

proteins were pooled, extensively dialyzed against PBS 
with 1 mM DTT, and loaded for a second passage on a 
glutathione-sepharose column. The column was washed with 
five column volumes of PBS with 1 mM DTT, five column 

10 volumes of buffer containing 50 mM Tris (pH 8.0), 150 mM 
NaCl, 2.5 mM CaCl 2 , and 1 mM DTT, and then incubated with 
the same buffer and 6 fig of human thrombin (Sigma) for 40 
min at room temperature with mixing. The flow through 
fractions which contained thrombin-released tat were 

15 collected and extensively dialyzed against 20 mM Tris (pH 
7.9), 0.2 mM EDTA, 100 mM KCl, 20% glycerol, 1 mM DTT and 
0.5 mM PMSP, then stored at -70°C. 

Following dialysis to remove the CaCl2 and after the 
20 addition of PMSP, no residual thrombin activity in tat 
preparations was demonstrated as judged by assays with 
other proteins containing thrombin recognition motifs. 
The presence of tat was confirmed by Western analysis 
with tat antisera (Pearson et al, 1990) and Coomassie 
25 staining of polyacrylamide SDS gels. The dissociation 

constants (Kj) and Scatchard analysis for tat binding to 
the TAR RNA wild-type and loop mutants were determined as 
described (Baker et al., 1986). 

30 Characterization of Wild-Type and Mutant tat Protein 
Binding to TAR RNA Templates 

In the described studies, it was established that 
tat regulated the binding of TRP-185 to TAR RNA. The 
35 possibilities that we addressed were whether both tat and 
TRP-185 bound simultaneously to TAR RNA or whether these 
proteins competed for binding to the TAR RNA. Both wild- 
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type tat and a tat mutant (tat 52/57), which substituted 

neutral amino acids (glycine and al 
basic domain of tat between amino acids 52 and 57 , 

as fusion proteins with glutathione S- 





pGEX. 48 These tat fusion proteins were purified by 




on 

tat proteins were liberated by 
^Zl'of^glutathione S-transferase moiety following 
cleavage with thrombin at a recognition site engineered 
into the fusion protein. Both wild-type tat and tat 
52/57 were judged to be greater than 95% pure 
preparation yielded-a single species of appro: 
La following gel electrophoresis and Coomasie staining, 
The purification of wild-type tat protein under these 
conditions eliminated harsh elution and denaturation 
procedures used in several other purification schemes, 
resulting in both a higher binding affinity and binding 
activity for TAR RNA than previously reported. 



To first characterize the binding properties of 
TOes e tat proteins, gel retardation analysis was 
performed with labeled TAR RNA derived from either wild- 
type, a loop mutant (+31/+34) , a bulge point mutant 
(+23) , or a bulge deletion mutant (+23/+2S) (Figure 6) . 
All TAR RNA probes were labeled to the same specific 
activity. The wild-type tat protein bound to wild-type 
TAR RNA with a of 6.4 x l«r«fc. Scatchard analysis 
indicated that one tat molecule bound to each TAR RNA 
molecule and that all the binding sites of tat were 
active (Figure 6A, lanes 1-5) . tat 52-57 bound poorly to 
wild-type TAR RNA due to the fact that the majority of 
basic amino acids in the basic domain were substituted 
with neutral amino acids (Figure 6A, lanes 6-10) . These 
results were consistent with previous results, 
implicating the basic domain in tat for binding to TAR 

RNA. 16 - 30 ' 49 



Next we tested the binding of these tat proteins to 
the TAR RNA loop substitution mutant (+31/+34) . The 
wild-type tat protein bound to this TAR RNA mutant with 
five-fold lower affinity than to wild-type TAR RNA 
(Figure 6B, lanes 1-5) . Similar results have previously 
been noted using tat peptides in gel retardation analysis 
with a similar TAR RNA loop mutant. 49 tat 52/57 did not 
bind to this template (Figure 6B, lanes 6-10) . TAR RNA 
containing either a point mutation in the bulge at 
(+23) (Figure 6C, lanes 1-10) or a deletion of the bulge 
region (+23/+25) (Figure 6D, lanes 1-10) did not result 
in detectable binding of either wild-type tat or tat 
52/57. These results were consistent with previous 
studies which indicated a predominant role for the bulge 
region in tat binding, 16 ' 28 ' 30 ' 49 but also suggested that 
wild-type loop sequences influenced the affinity of tat 
binding to TAR RNA. 

Tat competes with TRP-185 for binding to TAR RNA 

TRP-185 was demonstrated to require an intact TAR 
RNA stem and bulge structure and wild-type loop sequences 
for efficient binding. Next we determined whether the 
addition of either wild-type tat or tat 52/57 influenced 
the binding of TRP-185 to TAR RNA. Gel retardation 
analysis was performed with a constant amount of TRP-185 
and increasing amounts of wild-type tat protein added to 
labeled wild-type TAR RNA. As increasing amounts of tat 
bound to the TAR RNA, there was decreased binding of TRP- 
185 to the TAR RNA (Figure 7A, lanes 1-5). No evidence 
for simultaneous binding of both tat and TRP-185 to TAR 
RNA was noted. This result suggested that tat was able 
to complete with TRP-185 for binding to TAR RNA. This 
result was further substantiated by gel retardation with 
wild-type TAR RNA using similar amounts of tat 52/57 and 
TRP-185. This tat mutant, which was unable to bind 
efficiently to TAR RNA, did not reduce the binding of 
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7B, lanes 1-S) . The addition 
S-transf erase protein 

durlng tte ^"purification also did not decrease the 
k of TM-185 to TAR RHA (Figure 7C, lanes 1-5) . 

Pi^y. LHiid-typ. tat protein did not decrease * 
Fxnaxxy , w* NA bulge point mutant 

top— 185 when a tar kwa . 

was „sed in gel retardation analysis (data 

with TRP-185 lor binding to. TAB RHA. 

A direct interaction between TRP-185 and tat which 
is independent of TAR RHA is possible. Due to the 
P^lty of the buage and loop regions and the tact that 
L. binding affinity for - both of these 
similar (between 3 x 10 and 6 x lo J . 
». y be responsible for the fact that only tat or TRP-185 
Z bind in vitro to each TAR RHA template. However, we 
Lmot rule out that high affinity binding of tat to TAR 
r^L tl. loop seances in addition to the bulge 
regions* this binding of tat to the loop sequences 

potentially inhibit TRP-185 binding. £ 
the u P P.r portion of TAR RHA including the loop or bulge 
—ions -ay dramatically influence TAR RHA structure with 
regions j . n - t of botn cellular and 

subsequent effects on the ability 

viral proteins to bind to TAR RNA. Thus, the in vivo 
phenotype of the TAR RHA loop and bulge mutations may be 
due to decreased binding of either TRP-185 and/or tat. 



TRP-185 STIK0LATION OF HXV GENE EXPRESSION 



The present example demonstrates 
stimulates gene expression from a wild-type HIV-LTR 
template. However, no stimulation of gene expression 
from an HIV template containing mutations in TAR was 
shown. These results indicate TRP-185 is a cellular 
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factor that is regulated by the tat protein and which is 
involved in modulating the level of HIV gene expression. 

In vitro transcription of the HIV LTR 

5 

HIV constructs in pJGFCAT18 extending from -179 to 
+80 were restricted with Ncol to generate a 620bp run-off 
transcript. The TAR-antisense construct (Garcia et al. 
1989) was restricted with BcoKI to generate a 290bp run- 

10 off transcript. Transcription reactions were performed 
in 10 mM Hepes, pH 7.9, 10 mM Tris (pH 7.9), 10% 
glycerol, 50 mM KC1, 0.1 mM EDTA, 1 mM DTT, 5 mM MgCl 2 , 
10 mM creatine phosphate, 0.5 pg of poly (I) -poly (C) , 
and 600 mM each of ATP, CTP, OTP, AOpto GTP, and 1ft of 

15 [o 32 ?] GTP (3000 Ci/m mole). HeLa nuclear extract (Dignam 
et al., 1983) (100/tg) was included in each reaction and 
incubated at 30°C for 1 nr. The final a-amanitin 
concentration was 2.0 jig/ml where indicated. Either 0.6 
pg of TRP-185 fraction from a sucrose gradient 

20 preparation or 10 pi of cof actor fractions was included 
to determine the effects of TRP-185 on activation of the 
HIV LTR. All reactions were stopped by the addition of 
400 pi of 7M urea, 0.35M HaCl, 0.01 mM EDTA, 0.1M Tris 
(pH 7.4) , and 1% SDS. The supernatant was extracted with 

25 phenol-chloroform and ethanol precipitated in the 

presence of oyster glycogen. Reaction products were 
electrophoresed on a 5% polyacrylamide sequencing gel 
containing 8M urea in 1 x TBE. Gels were exposed 
overnight at -70 W C with an intensifying screen. 

TRP-185 stimulates gene expression from the HIV LTR 

The role of TRP-185 in stimulating in vitro 
transcription of the HIV LTR was next assayed. In vitro 
35 transcription assays were performed with a concentration 
of magnesium (5 mM) which favored the synthesis of full- 
length transcripts from the HIV LTR. A wild-type HIV LTR 
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when restricted with ffcol generates a run- 

of 620 bp which is inhibited by 2 /tg/nl 
concentration of alpha amanitin. 

Both wild-type and a TAR mutant containing a 
deletion of the bulge («»/«■) were r-trxcted wxth . 
Jtaol Addition of HeLa cell nuclear extract alone 
resulted ^ low level synthesis of the 620 bp RNA specxes 
llTTo* the wild-type and ( + 23/ + 25) templates J^xgure 

, •>! There was minimal stxmulatxon of 

8, lanes 1 and 5) . mere w» « 

transcription with the addi tion (Figur e 
with the wild-type but not the (+23/+2S) tempi 
8 lanes 2 and 6). however, the additxon of exther TRP 

TRP-185 and cofactor resulted xn 
a four-fold increase in in vLtxo 

the wild-type (Figure 8 , lanes 3 and 
4) but not the (+23/+2S) construct (Figure 8, lanes 7 and 

8). 

is able to regulate the binding of TRP-185 
to TAR^RNA, "It is critical to determine the function of 
TRP-185. Addition of TRP-185 to HeLa nuclear extract 
results in the stimulation of in vitro transcription 
the HIV I»TR. Though the level of activation is only 




four-fold, it must be noted 

gnif icant amounts of both cofactor and TRP- 
likely that a much greater level of 

teanscriptional activation may be obtained with 

In our studies, we 



were unable to obtain significant additional stimulation 

by the addition of tat protein to in vitro transcriptxon 

previously described. 33 The conditions used xn 

assays do not address whether 

in the stimulation of HIV 

25 

LTR transcrxptxonax x«-»-i- and/or elongation. 
Furthermore, we do not address the role of tat in terms 
of its role on in vitro 



TRP-185 is involved primarily 



transcription of the HIV LTR 
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A model consistent with our data and previous 
studies would suggest that TRP-185 may be a crucial 
factor for the formation of or efficient processing of 
the cellular transcription complex assembled on the HIV 
promoter. In this model, TRP-185 would interact with the 
loop of the nascent TAR RNA transcribed from the HIV LTR 
to form a complex which can proceed slowly and as such 
becomes rate determining. Binding of tat to the bulge 
region as it arises during the formation of TAR RNA would 
then cause the release of TRP-185 from the loop region 
with subsequent catalytic effects on the transcriptional 
initiation and/ or elongation process. The provided in 



stimulates gene expression from a wild-type HIV LTR 
15 template but not an HIV template containing mutations in 
TAR. Thus, TRP-185 is a likely candidate for a cellular 
factor which is regulated by the tat protein and is 
involved in modulating the level of HIV gene expression. 

20 EXAMPLE 7 

BINDING OF TRP-185 TO CELLULAR NUCLEIC ACID 

The present example is provided to demonstrate the 
25 binding affinity which TRP-185 protein may have for 
cellular nucleic acid species. As TRP-185 is a 
protein, and in light of the regulatory action the 
inventors have demonstrated it to have in viral gene 
expression/binding of viral RNA, it is contemplated by 
30 the present inventors that TRP-185 may also be binding a 
small class of conserved cellular nucleic acid sequences 

Evidence collected in support of this observation 
include the molecular "footprinting" of initiation 
35 regions of cellular DNA nucleic acid from adenovirus, as 
well as with HIV DNA, with TRP-185 cellular protein ( 
... Figure 11 ) . 
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The inventors demonstrate in this example that 
roe in „ e top- 18 5 bind strongly 1 

highly purified fractxons of TOP 185 . 

elements of cellular promoters near the m ^***~* 
element". Thus, the TRP-185 cellular protexn, a. 
_ H^onstrated to regulate viral promoters, may 
5 demonstrated ^ * . ^ H iahlv conserved region- 
regulate ceXluXa, pr=^«« « rf 

of. for example, the activatad by binding 

the promoter region, may axso 

oTa^ellul-r protein, in » manner similar to that of 
„ ^P-lst « affect gene expression. TBP-185 doe. in fact 
" Sn/dovnstrea* of a promoter region to a nucleic acid 
region which is Known to be of a highly conserved 
region v siB iiar mechanism may be acting to 



bind cellular genes and control cellular gene 



8 



20 



PROPOSED METHOD FOR PREPARING A 
•THERAPEUTIC AGENT FOR THE TREATMENT OF AIDS 

present prophetic example is provided to outline 

to treat patients infected 

The TRP-185 cellular protein 
HIV gene expression by binding 
of the HIV RNA LTR. This binding 
region is critical to viral 



a method which may be 
with the HIV or HTLV 
is demonstrated to 
a particular TAR region 



inhibitors of TRP-185 would shut 

r thereby serving as a 
30 persons infected with the virus. 



of 
viral 




_ _-185 inhibitor as a therapeutic agent for AIDS 
and related diseases, such as ARC, may be administered 
a capsule, as a powder to be reconstituted 
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The inhibitor of TRP-185 cellular protein may take 
the form of an antibody specific for TRP-185 (as 
described in example 3) , a competing protein or peptide 
which has specific binding affinity for the same TAR RNA 
5 binding site, a peptide or protein which dephosphorylates 
TRP-185 cellular protein, an antisense oligonucleotide 
specific for the TAR RNA binding site of TRP-185 cellular 
protein, a DNA or RNA fragment that preferentially binds 
the TRP-195 protein, or a protein or peptide which acts 
10 to modify a TRP-185 protein so as to prevent the binding 
of the TRP-185 to its specific TAR RAN binding site. 

^PROPHETIC EXAMPLE 9 

15 PROPOSED METHOD FOR ISOLATING AND 

CLONING TEE GENE ENCODING TRP-185 PROTEIN 

The purification and cloning of TRP-185 and its 
associated cofactor species will be required to address 
20 the potential roles of these proteins in mediating tat 
activation of the HIV LTR. 



Thus , the present prophetic example provides an 
outline of those procedures which will be employed to 
25 accomplish this task. 

The methods and procedures outlined in the 
AMERSHAM® 5 ^ SUPERSCREEN® Immunoscreening protocol may be 
employed together with the monoclonal antibodies for TRP- 
30 185 described herein at example 3. More specifically, 
the referenced system may be used for screening X-GT11 
libraries with monoclonal antibodies raised to TRP-185 
(outlined in Example 3). 

35 Briefly, the human gene encoding the TRP-185 protein 

of the present invention may be obtained by first 
Obtaining, for example, a human chromosomal cDNA library 
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30 



_ . „ T __ 4030 Fabian Way, 

relonefcecli Iiab oratories xnc. , 

ca^omia 94303, . Alternatively, on. may prepare 

own — chro^-l cBH* ~ oene 

techniques available to those zn the art. t g 

— CH* Hbrary - aS 



opposed to viral protein. 

The human chromosomal cDNA library will be screened 
by allowing the recombinant X-GT11 phage to grow and to 

in top agar in a petri dish using *. coll a 



The plaques will then be transferred to a, 
^^"nitrocellulose filter impregnated wit* IPTG t» 

ce expression, as described in the AMERSHAM. Kit.* 
_ nitrocellulose filters will then be incubated in the 
presence of a nonspecific protein. By way of example, 
such a nonspecific protein would be borne serum albumin 

(BSA) . 



_ nitrocellulose filters (which include the 
plaques) will then be exposed to the TRP-185 specific 
antibody prepared as described in Example 3. A second, 
detectably labeled antibody would also be exposed to 
filters. The second antibody would be specific for 

-185 specific antibody (the "first" antibody) . By way 
example, such a second detectably labeled antibody may 



Addition of the substrate (for example, the 
substrate 3.3' diaminobenzidine tetrahydro-chloride (DBA) 



detectable label of the second antibody) for 
detectably labeled antibody will provide for 
development of a "positive" signal of the TRP-185 + 

The original plaques formed which correspond to 
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the TRP-185 + plagues will then be selected for further 
purification and rescreening to check and isolate the 
TRP-185 + clones. The DNA sequences from the obtained 
TRP-185 + clones may then be excised and further 
5 characterized. Such further characterization may include 
the preparation of expression vectors containing the DMA 
from TRP-185 + clones. Upon preparation of the 
expression vectors with the TRP-185 DNA sequence, the 
protein products expressed may be isolated and tested 
10 against a monoclonal antibody specific for the TRP-185 
protein (antibody preparation described in Example 3) . 

According to this method, one skilled in the art of 
gene cloning and isolation may obtain the human gene 
15 encoding the TRP-185 cellular protein which is capable of 
binding TAR RNA of HIV described in the present 
invention. 



PROPHETIC EXAMPLE 10 



XMKUNODIAGNOSTXC ASSAY FOR HIV INFECTION 



The present example outlines a method which may be 
useful for the diagnosis and clinical monitoring of the 
progression of an HIV infection, such as AIDS, in a 
human. The method employs the monitoring of the levels 
of, for example, antibodies specific for the TRP-185 
cellular protein. At least two forms of the TRP-185 as 
antigen will be used in the assay including TRP-185 as 
30 antigen without exposure /treatment with a cof actor 

fraction and with exposure to a cof actor fraction. The 
presence of antibody specific for each of these TRP-185 
forms of antigen in a biological sample, such as blood 
will then be determined using standard immunoassay 
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. - nrpsence of antibodies to TRP- 

Bv determining the presence w « 

a „tioen and to TRP-185 antigen not 
185-cofactor exposed antigen ana 



10 



20 



30 



exposed to cof actor, the assay may 

leased state of the patient during the progression of 
5 -the disease. 

in order to be used as a diagnostic tool for HlV-or 
HTLV Lection, a control value for antibody to TRP-185 
TLXen in the system of a healthy non-HXV infected 
Lulation of samples will be established. TRP-185 is a 
c^utax Votein which is present in a normal healthy 
animal and which also is lively to have a ^ction^n 
"turning off /turning on- of cellular genes of the ani 
(see Example 7) , apart from its additional action in 
15 bi „ding HIV TAR RNA and enhancing viral gene expression. 

immunodiagnostic assay, an animal sample to be 
tested would first be obtained and a volume thereof 
incubated with an amount of TRP-185 cof actor exposed 
antigen, as well as with an amount of TRP-185 antigen 
which had not been exposed to antigen. 

Preparation of TRP-185 cof actor exposed binding protein 



According to one proposed pretreatment of the TRP 
m antigen, the preparation of TRP-185 defined^in 
Example 1 may be incubated with cof actor 
about 5 minutes at room temperature. 

The exposure of TRP-185 binding protein to a 
cofactor fraction (as defined in Example 2) is expected 
to chemically change the TRP-185, (perhaps 
phosphorylate) , and therefore potential* 

-185 so as to exposed 

exposed/modified TRP-185 could elicit antibodies with 
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by unmodified TRP-185. 

Preparation of TRP—185 binding protein as antigen 

5 

TRP-185 will be prepared from mammalian cells as 
described in Example 1. 

For this assay, two preparations of monoclonal 
10 antibodies would be prepared as described in Example 3, 

using the cof actor exposed-TRP-185 and cof actor unexposed 
TRP-185 as antigen. These separate antibody preparations 
could then be used, ^a long with its corresponding antigen, 
in establishing the level of either antibody in an animal 
15 sample. 

A standard curve for each of the TRP-185 antigens 
which includes an amount of the specific (i.e., antibody 
against exposed/not exposed) anti-TRP-185 antibody will 
20 be 



It is expected that the relative amount of antibody 
specific for the cof actor exposed TRP-185 antigen will 
greater than the relative amount of the antibody specific 
for the TRP-185 antigen (without cofactor exposure) in a 
biological sample with the increasing progression of an 
HIV or HTLV infection in the patient. This assay may be 
used in conjunction with the therapeutic agents of the 
present invention (Example 8) to monitor the 
30 effectiveness of the agent in reducing/eliminating the 

gene activating form (a phosphorylated form) of the TRP- 



While those of skill in the art will be able to 
practice the present invention with the aid of the 
disclosure provided here, the following references may 
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tlxis list is not 



« and doe. ^.""^^ reject f «- 
constitutes prxor art wxra x-- v 



present invention- 

The following references 
incorporated herein in 
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i A nucleic acid binding element comprising 
p r oteL capable of binding with high aff £ity ~ ■ — 
5 region in the presence of a cofactor 

cellular protein having a molecular weight of 



about 175-190 KD 



, 0 2 The nucleic acid binding element of claim 1 
said cellular protein is designated TRP-185. 



3. The 



acTid binding element of claim 1 wherein 



having a 



molecular weight of between about 85-100 kD 



4. The nucleic acid binding element of claim 2 wherein 
20 said cellular protein binds to a TAR region of an HIV 
mRNA with an affinity of about 3 x 10' Vtt. 



5 The nucleic acid binding element of claim 4 wherein 
cellular protein increases transcription of wild 



•type HIV IiTR about 4-fold 



6. The nucleic acid binding element of claim 1 wherein 
30 the TAR region is a transactivating region. 



7 The nucleic acid binding element of claim 1 wherein 
the TAR region is at least a 12 base pair segment 
TAR mRNA. 



WO 93/09230 



PCT/TJS92/09546 



-63- 



20 



8. The nucleic acid binding element of claim 7 wherein 
■the cellular protein binds a base pair segment between 

* * 

bases 23-34 of the TAR mRNA. 



9. The nucleic acid binding element of claim 1 further 
defined having a molecular weight of about 185 kD. 



10 10. The nucleic acid binding element of claim 1 prepared 
by a process comprising the steps of: 

obtaining a volume of mammalian cells; 

15 preparing a nuclear extract from the mammalian 



fractionating the nuclear extract and selecting 

fractions having HIV TAR binding activity; and 

isolating an element having a molecular weight of 

between 175-190 kD from the selected fractions 
to provide a nucleic acid binding element* 



11. The nucleic acid binding element of claim 10 wherein 
preparing a nuclear extract from mammalian cells 
comprises : 

30 lysing a cell pellet of mammalian cells with a 

Dounce homogenizer; 

isolating nuclei from the cells; 

35 lysing the nuclei; 

centrifuging the lysate to obtain a supernatant; and 
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dialyzing the supernatant to obtain a nuclear 

extract having a binding activity for a TAR 
of a nucleic acid. 



5 12. The nucleic acid binding element of claim 10 wherein 



io 



15 



20 



30 



chromatographic the nuclear extract on heparin 



_ _ chromatographed nuclear extract with 
potassium chloride to obtain TAR active binding 



selecting TAR active binding fractions and preparing 



a 



chromatographing the dialysate on an HTP Bio gel; 

precipitating TAR active binding fractions 
HTP Bio gel with ammonium sulfate; 

applying the TAR active binding fractions to a 
Superdex 200 FPLC column; 

collecting TAR active binding fractions and applying 
a dialysate thereof to a Bio Rex column; 

collecting TAR active binding fractions and applying 
a dialysate thereof to a Dextran Blue Sepharose 

column; 

collecting TAR active binding fractions and applying 
a dialysate thereof to a Mono Q FPLC column; 
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collecting TAR active binding fractions and applying 
a dialysate of selected washed fractions to a 
continuous sucrose gradient; and 



5 isolating a nucleic acid binding element having a 

molecular weight of between 175 JcD - 190 kD as 
determined by a continuous sucrose gradient * 
having TAR region binding activity. 



10 

13. The nucleic acid binding element of claim 1, 10 or 
11 wherein the cellular protein is obtained from 
mammalian cell nuclei of a cell line selected from the 
group consisting of VERO, HeLa, W138, MDCK, Jurkat, 293, 

15 CEM, and COS cell lines. 

14. The nucleic acid binding element of claim 1, 10 or 
11 wherein the cellular protein is obtained from a HeLa 

20 cell nuclear extract. 

15. The nucleic acid binding element of claim 12 wherein 
the cellular protein is designated TRP-185 and is 

25 obtained in a preparation from HeLa cells at an about 
3,000-fold purification. 



16. An immunoassay for the detection of an antibody 
30 specific for the nucleic acid binding element of claim 1 
in a biological sample, comprising: 

preparing a cellular binding protein specific for 

TAR RNA and which regulates HIV gene expression 
35 to provide a TRP-185 antigen; 
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„ - oc a -4.*,ren with the biological 

incubating the TRP-185 antxgen wx«x . 

sample for a sufficient time to permxt bxndxng 



10 



biological sample; and 



• • 



_ the presence of bound antibody by 
contacting the incubate of (b) with a 
detectably labelled antibody specific for 
anti-TRP-185 antibody, wherein the presence or 

-185 antibody in the biological sample 



is detectable as a 
labelled antibody from the biological sample 



15 17 



of claim 16 wherein the detectably 
labelled antibody is an enzyme linked antibody, a 
fluorescent tagged antibody or a radiolabeled antibody. 



20 18. The immunoassay of claim 16 wherein the TRP-185 

is prepared from mammalian cell nuclei or a 



19 . The immunoassay of claim 16 wherein the presence of 
anti-TRP-185 antibody is diagnostic of an HIV 
infection in the animal. 



30 20. A nucleic acid sequence or fragment 

encoding a cellular protein TRP-185 which binds an HIV 
TAR RNA, said nucleic acid segment being isolatable 
human chromosomal DNA. 



1 
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21* The nucleic acid segment of claim 21 which encodes 
an antigenic protein capable of producing an in vivo 
immunogenic response to a TRP-185 cellular protein. 

5 

22 • The nucleic acid segment of claim 21 wherein the 
sequence is defined further as being a cDNA sequence -* 
complementary to a TRP-185 mRNA. 

10 

23. A recombinant DNA vector comprising a DNA sequence 
encoding the nucleic acid binding element of claim 1. 

15 24. The recombinant DNA vector of claim 24 wherein the 
DNA sequence is defined further as being a cDNA sequence 
which is complementary to a TRP-185 mRNA or a fragment 
thereof • 

20 

25. The recombinant DNA vector of claim 24 defined 
further as capable of replication in a host. 

25 26. A recombinant host bearing the recombinant DNA 

vector of claim 24 , wherein the DNA sequence is defined 
further as being a cDNA sequence which is complementary 
to a TRP-185 mRNA. 

30 

27. The recombinant host of claim 27 , capable of 
expressing the DNA segment to produce a TRP-185 cellular 
protein. 

35 
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28 

a 



recombinant host of claim 27, 



29. A 



incr a 
DNA 



10 



encoding a cellular TRP 
binding a TAR UNA and c 




apable of 




culturing 



thQ,recombinant host to produce 



30. A method for preparing an about 3,000-fold purified 

of a cellular protein TRP-185, said method 



20 preparation 



30 



a volume of animal cells 



extract from the animal cells; 



chromatographing the nuclear extract on heparin 



eluting the chromatographed nuclear 

potassium chloride to obtain TAR 



with 
binding 



the TAR active binding fractions and 



chromatographing the dialysate on an HTP 
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precipitating TAR active binding fractions from the 
HTP Bio gel with ammonium sulfate; 

applying the TAR active binding fractions to a 
5 Super dex 200 FPLC column; 

collecting TAR active binding fractions and applying 
a dialysate thereof to a Bio Rex column; 

10 collecting TAR active binding fractions and applying 

a dialysate thereof to a Dextran Blue Sepharose 
column; 

collecting the TAR active binding fractions and 
15 applying a dialysate thereof to a Mono Q FPLC 

column ; 

collecting TAR active binding fractions and applying 
a dialysate of selected washed fractions to a 
20 continuous sucrose gradient; and 

isolating a 3,000 cellular protein TRP-185 having a 
molecular weight of between 175 kD - 190 kD as 
determined by the continuous sucrose gradient* 



30 



31. The method of claim 44 wherein the animal cells are 
HeLa, Jurkat, COS, VERO, W138, 293 or a CEM cell line. 



32. The method of claim 44 wherein the animal cell line 
is a HeLa cell line. 



33. The method of claim 46 providing a yield of cellular 
protein TRP-185 of between 10-15%. 
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of claim 46 wherein 

60 



■the volume of HeLa 



5 35 



The method of claim 44 wherein the cellular protein 
a molecular weight of about 185 kD. 



10 



The method of claim 44 wherein a TAR active binding 
is a fraction which demonstrates bindxng 



TAR region of an HIV RNA. 



37. An antibody specific 
having binding affinity 



for a TRP-185 cellular protein 
a TAR RNA region. 



38. The antibody of 
monoclonal antibody 
20 a polyclonal antibody 



37 defined further as being a 
by a hybridoma cell line or 



39. The monoclonal antibody of 
monoclonal antibody is defined 
or IgM isotype. 



38 wherein the 
as being of an 



40. A hybridoma cell 
antibody which 



line which produces a monoclonal 
specifically binds a TRP-185 cellular 



30 protein 



35 



41. The hybridoma cell line of claim 40 defined 
as a murine hybridoma cell line produced by: 

immunizing a mouse with a cellular protein TRP 
which binds an HIV TAR mRNA; 
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L-HIV TAR mRNA antibody producing 
immunized mouse; and 



the antibody producing cells with a 
neoplastic murine cell line to obtain a murine 
hybridoma cell line. 
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42. A therapeutic agent for the treatment of HIV or HTLV 
infection in an animal comprising an admixture of an 
inhibitor of a TRP-185 cellular protein in a 



43. The therapeutic agent of claim 37 suitable for 
administration as a parenteral formulation or as a 



20 



44. An RNA binding complex comprising a TRP-185 cellular 
protein capable of binding a TAR RNA region of HIV; at 
least one cof actor capable of facilitating binding of the 
TRP-185 to a TAR RNA and a volume of TAR RNA sufficient 
to bind the TRP-185. 
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45. The RNA binding complex 



of claim 44 wherein the TRP- 
according to the method 



of claim 30. 



46. A 
TRP-185 



antibodies in a biological sample, the pack 
in packaged combination: 



means adapted to receive at least 3 
container means in close confinement therewith; 
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n 



10 



and having a molecular weigh* of about 185 kD; 

a second container means including a quantity of an 
unlabelled antibody having specific binding 
affinity for the TRP-185 cellular protein; - 

third container means including a quantity of a 
detectably labelled antibody specific for 
binding with the ant i -TRP-185 antibody; 

at least one laicrotiter plate. 
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The test pack of to claim 46 wherein the detectably 
labelled antibody is an enzyme linked antibody, a 
fluorescent tagged antibody, or a radiolabeled antibody. 
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48. The test pack' according to claim 46 wherein the 
detectably labelled antibody is an enzyme linked 
antibody, and said pack further includes a fourth 

leans including a quantity of a substrate for 
sufficient to produce a visually detectable 



49. The test pack of 46 wherein the unlabelled antibody 
30 and detectably labelled antibody are a monoclonal 



50. The test pack of 46 wherein the unlabelled antibody 
and the detectably labelled antibody are polyclonal 
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Figure a 
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Figure c 
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Figure; e 



A lay of TRP-185 Purificati i 
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